present in each month from the corresponding monthly regional pool. This meant that OTUs were randomly sampled 281 from each monthly regional pool in proportion to their abundance. We ran the null model 999 times for each host 282 microbiome. 283 Temporal dynamics 284 Temporal turnover 285 We applied a newly developed measure of temporal turnover that describes the extent to which individual OTUs and 286 consequently the microbiome changes over time ([70] . Importantly, this measure decomposes abundance fluctuations 287 into two additive contributions of change due to microbiome composition and total abundance. 288 Total turnover D between times t and u, (u > t) is defined as
where λ t = S i=1 λ i,t represent the sum of the expected total abundance of each OTU in the microbiome. The expected 289 abundance λ i,t , i = 1, 2, . . . , S is unknown and therefore needs to be estimated from an observed time-series. p i,t 290 represents the relative abundance of OTU i in time t and is calculated as p i,t = λ i,t λ t . As such, total turnover D can 291 be decomposed into D 1 which is related to the amount of change in microbiome composition, and D 2 reflecting the 292 amount of change in total abundance. 293 As noted above, the expected abundance needs to be estimated, thus we modelled each time-series of sequence counts N i,t assuming a Poisson distribution with a time varying mean λ i,t
where X k,t is a time-series of k = 1, 2, . . . , N c environmental covariates, and β k,j is the corresponding regression 294 coefficient that needs to be estimated. We included temperature, salinity, chlorophyll, bacterial cell density, nitrite 295 (N O 2 ), ammonia (N H 4 ), and phosphate (P O 4 ) as the N c environmental covariates. All covariates where standardized 296 to have zero-mean and unit variance.
297
Temporal invariability 298 We applied two newly developed measures of temporal stability, i.e. invariability ([24] ) in order to assess the stability 299 at the population (i.e. for each OTU) and community level (i.e. for opportunistic and transient assemblages and the 300 core microbiome), respectively.
301
Invariability at the population and community level is defined as
where the total-abundance of a community N tot is the sum of each OTUs' abundance as N tot = S i=1 N i , and the N tot 302 and N i denotes their respective averages. 303 Interestingly, these two measures are connected. The ratio of I pop and I com equals community-wide synchrony
with 0 and 1 for perfectly asynchronous and synchronous communities, respectively. This implies that I pop ≤ I com , 304 and that the equality I pop = I com represents a perfectly synchronous community. 305 Core dynamics and ecological interactions 306 We developed a multivariate first-order autoregressive model assuming Gompertz population dynamics based on [50] 307 for modeling core dynamics and to infer interactions between core OTUs from time-series of sequence counts.
308
Process model If we denote n i,t * as the expectation of n i,t which is the natural logarithm of the observed time-series N i,t , then on the natural logarithmic scale we have the expected number of sequences belonging to core OTU i in time t within any given host species described by n i,t * |n i,t−1 = n i,t−1 + r i 1 − S j=1 α i,j n j,t−1 k i + N c j=1 X t,k β k,j + ε i,t (9) t = 2, 3, . . . , T ; k = 1, 2, . . . , N c where we assume r i ∼ N (0, 10) and K i ∼ Exp(1). The coefficients measuring each OTUs' response the k − th envi-309 ronmental covariate are assumed β k,j ∼ N (0, 100). The residual variance ε i,t representing apart from ecological drift, 310 un-modelled host effects and the effects of the un-modelled external environmental acting on the host, are assumed to 311 be serially independent and normally distributed. We included temperature, salinity, chlorophyll, bacterial cell den-312 sity, nitrite (N O 2 ), ammonia (N H 4 ) and phosphate (P O 4 ) as the N c environmental covariates potentially affecting the 313 residing microbiomes. All covariates where standardized to have zero-mean and unit variance. Furthermore, we used 314 a latent variable approach to model correlations between taxa (see [83] ). 315 Observation model The time-series of sequence counts are modeled as a Poisson process, where y i,t denotes the number of sequences of core taxa i in time t
log λ t,i = n i,t + log N t + µN t (11) n i,t = MV N (n i,t * , σ 2 i )
where N t and µN t ∼ N (0, 100) both are offsets representing the total abundance in time t. 316 
13
We used Gibbs Variable Selection (GVS) ([54] ) method in order to constrain the model to only use interspecific 317 interaction coefficients α i,j for which there are strong support in the data. This is achieved by introducing a binary 318 indicator variable γ i,j for i j, and assuming γ i,j ∼ Bernoulli (p) , such that γ i,j = 1 when OTU j is included in 319 the dynamics of OTU i, and γ i,j = 0, otherwise. Where there is low support for α i,j in the data, γ i,j = 0 and the 320 corresponding interaction is excluded from the model. When γ i,j = 1, α i,j is freely estimated from the data. p 321 represent our prior belief about how many of all interspecific interaction are actually realized. We chose value of 0.1, 322 which means that we did not expect more than 10% of all possible interspecific interactions to take place. 323 Variance partitioning Following [50] and [51] , the total variance V i affecting the dynamics of core OTU i can be decomposed into additive sources reflecting interspecific interactions, intraspecific interactions (i.e. density-dependence), and environmental variability (i.e. measured environmental covariates and residual variance)
where v i,i represent the stationary variance for n i (Equation 11 ), β 2 i,k the variance attributable to each k covariate, and ε i correspond to residual variance. As a consequence of Equation 13, the proportion of variation attributed to e.g.
interspecific interactions can be calculated as
To determine and characterize core microbiome networks, we analyzed the interaction and sign structure of the 324 posterior probability distribution for the interaction coefficient α i,j . Because α i,j is a probability distribution, it con- Notes: For each assemblage, the first row displays the total number of unique taxa, while the second row shows the monthly average (± SD) number of coexisting taxa. The last row shows the total number of taxa present in each microbiome. Figure 3 : Taxonomic profiles of core microbiomes across hosts. Taxonomic classification at the phylum level of core taxa and their relative contribution to species richness for each core microbiome. The core microbiomes of HMA hosts harboured a larger taxonomic diversity than those of LMA hosts. 
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Assembly Core Tr a n s i e n t High-density cores Low-density cores HMA LMA LMA HMA Figure 5 : The contribution of assemblage type to microbiome abundance and its aggregated stability. The inner y-axis shows the contribution of the aggregated microbial relative abundance for each assemblage and host. Each box shows the median including the first and third quartiles (the 25 th and 75 th percentiles), representing temporal variation. The outer y-axis shows invariability (i.e., the inverse of variability) at the community (blue dots) level and population (red dots) for each assemblage and host. It is interesting to note that community-wide synchrony increases as the two dots approach each other. The figure is ordered from the highest to the lowest in terms of core density. Lowercase letters denote different significant scenarios (Dunn's post-hoc test for Kruskal-Wallis rank sum test (see Table S4 for more details). a: the core microbiome was significantly different from the transient and opportunistic assemblages, but transient and opportunistic assemblages were not significantly different from each other. b: all assemblages were significantly different. c: the core microbiome and the opportunistic assemblage were not significantly different, but the core microbiome and transient assemblage, and the transient and the opportunistic assemblage were significantly different from each other. d: no significant differences between any assemblages. Figure 6 : Processes explaining temporal variation in core microbial population abundances and the frequency of different interspecific interactions inferred from the HMA core microbiomes. Panel A shows the relative contribution of inter-and intraspecific (i.e. density-dependence) interactions and environmental variability to temporal variation in microbial population abundances across core microbiomes. In all hosts, core microbiome dynamics were mainly driven by intraspecific interactions (i.e. density-dependence Figure 7 : The core microbiome network of HMA host A. oroides. Nodes represent core taxa and links their inferred ecological interactions. Node size is scaled to their degree (i.e. in and out-going links). Colors correspond to different bacterial phyla and dash and solid lines represent positive and negative interactions, respectively. Nodes marked with SC correspond to taxa assigning to sponge-specific clusters. See Figure S20 for the remaining two HMA hosts. Opportunistic Note: Mean ± SD were calculated from 999 permutations of the null model. Table S3 : Median (including 1 st and 3 rd quartiles) (mean ± SD) of the average monthly abundance of taxa assigning to sponge-specific clusters across assemblages within each hosts' "stochastic realisation".
Supplementary information
1 st Qu. 0.0 0.0 0.0 0.0 0.0 0.0 Median 0.0 0.0 0.0 0.0 0.0 0.1 3 rd Qu. 0.1 0.1 0.1 0.1 0.1 0.1
HMA LMA
A. oroides C. reniformis P. ficiformis A. damicornis D. avara C. crambe
Core
5.9 ± 0.4 5. Note: Mean ± SD were calculated from 999 permutations of the null model. Note: The lowercase letters indicate different significant scenarios (see Figure 5 in main text). a: the core microbiome was significantly different from the transient and opportunistic assemblages, but transient and opportunistic assemblages were not significantly different from each other. b: all assemblages were significantly different. c: the core microbiome and the opportunistic assemblage were not significantly different, but the core microbiome and transient assemblage, and the transient and the opportunistic assemblage were significantly different from each other. d: no significant differences between any assemblages. What emerged was three high-density (scenario a & b), and three low-density (scenario c & d) cores, respectively. Figure S3 : Microbiome compositional similarity across hosts' "stochastic realization". Non-metric multidimensional scaling (NMDS) calculated on the average Jaccard distances between monthly samples for each hosts' "stochastic realization". The average distance was calculated from 999 permutations of the null model for each host. ANOSIM: R=-0.017, P=1. See Null model in the Methods section for more details. 
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Core Transient Opportunistic C. reniformis Figure S4 : Abundance-stability relationship across microbiomes and hosts. The relationship between coefficient of variation (CV) and the (log) mean abundance of individual taxa for host C. reniformis. Overlaying points have been separated by adding jitter (random noise) of 0.1 in both y and x direction. Opportunistic, transient and core taxa are each shown by an increasing grey scale (light-to-dark). Individual core and transient taxa are generally more stable (Kruskal-Wallis test: H =2198, df=2, P<0.001 two-tailed; Dunn's post-hoc test with bonferroni correction; P <0.001) and abundant (Kruskal-Wallis test: H =1694, df= 2, P<0.001; Dunn's post-hoc test with bonferroni correction; P< 0.001 two-tailed) than opportunistic taxa. The gray dashed vertical lines mark a potentially critical area by which core microbiome temporal stability can be predicted. If there are only a few abundant and occasional taxa relative to the number of core taxa, stability is predicted to be high, whereas if there are many abundant and occasional taxa compared to the number of core taxa, stability is predicted to be low.
Coefficient of variation
Log mean abundance Figure S5 : Abundance-stability relationship across microbiomes and hosts. The relationship between coefficient of variation (CV) and (log) mean abundance of individual taxa for host P. ficiformis. Overlaying points have been separated by adding jitter (random noise) of 0.1 in both y and x direction. Opportunistic, transient and core taxa are each shown by an increasing grey scale (light-to-dark). Individual core and transient taxa are generally more stable (Kruskal-Wallis test: H =2198, df=2, P<0.001 two-tailed; Dunn's post-hoc test with bonferroni correction; P <0.001) and abundant (Kruskal-Wallis test: H =1694, df= 2, P<0.001; Dunn's post-hoc test with bonferroni correction; P< 0.001 two-tailed) than opportunistic taxa. The gray dashed vertical lines mark a potentially critical area by which core microbiome temporal stability can be predicted.. If there are only a few abundant and occasional taxa relative to the number of core taxa, stability is predicted to be high, whereas if there are many abundant and occasional taxa compared to the number of core taxa, stability is predicted to be low.
Log mean abundance Figure S6 : Abundance-stability relationship across microbiomes and hosts. The relationship between coefficient of variation (CV) and (log) mean abundance of individual taxa for host D. avara. Overlaying points have been separated by adding jitter (random noise) of 0.1 in both y and x direction. Opportunistic, transient and core taxa are each shown by an increasing grey scale (light-to-dark). Individual core and transient taxa are generally more stable (Kruskal-Wallis test: H =2198, df=2, P<0.001 two-tailed; Dunn's post-hoc test with bonferroni correction; P <0.001) and abundant (Kruskal-Wallis test: H =1694, df= 2, P<0.001; Dunn's post-hoc test with bonferroni correction; P< 0.001 two-tailed) than opportunistic taxa. The gray dashed vertical lines mark a potentially critical area by which core microbiome temporal stability can be predicted. If there are only a few abundant and occasional taxa relative to the number of core taxa, stability is predicted to be high, whereas if there are many abundant and occasional taxa compared to the number of core taxa, stability is predicted to be low.
Log mean abundance Figure S17 : Interaction probabilities across HMA core microbiomes. The probability of all possible interactions within each core microbiome belonging to the HMA hosts. This was calculated from the posterior distribution of the interaction matrix α i,j (Equation 9 in the Methods section). The two y-axes show the probability for species j to interact with species i and vice versa. The x-axis displays all possible pairwise interactions. Blue and red color denote the probability for positive (blue) and negative (red) interactions. Gray depicts the remaining zero probability. Note that an interaction can have a certain probability of being both positive and negative. Figure S18 : The most probable interactions within the HMA core microbiomes. A subset of the most probable interactions shown in Figure S17 . The number of interactions corresponds to the posterior average number of links with the highest probability for each HMA core microbiome. The two y-axes show the probability for species j to interact with species i and vice versa. The x-axis displays all possible pairwise interactions. Blue and red color denote the probability for positive (blue) and negative (red) interactions. Gray depicts the remaining zero probability. Note that an interaction can have a certain probability of being both positive and negative. Figure S19 : Frequency histogram of interaction strengths for the core microbiome belonging to the HMA hosts.
Interaction strength was calculated from the posterior distribution of the interaction matrix α i,j . The distribution is skewed towards many weak and a few strong interactions. Figure S20 : The core microbiome network for HMA hosts C. reniformis and P. ficiformis. Nodes represent core taxa and links their inferred ecological interactions. Node size is scaled to their degree (i.e. in and out-going links). Colors correspond to different bacterial phyla and dash and solid lines represent positive and negative interactions, respectively. Nodes marked with SC correspond to taxa assigning to sponge-specific clusters.
